Denudatin A and B, denudadione B, fargesone A and machilin G were isolated from Magnolia denudata. These compounds showed inhibitory effects on nitric oxide (NO) production in the lipopolysaccharide plus interferon-activated-murine macrophage cell line, J774.1. Some but not all of the inhibition of NO production by machilin G, and denudatin A and B was apparently through the decreased expression of the inducible NO synthase (iNOS) gene.
Some species of Magnolia plants have been used for centuries in China, Korea, and Japan as folk medicine. For example, the dried flower buds of Magnolia salicifolia MAX., M. kobus DE CAN. and M. denudata DESR. are sources of the crude drug, Shin-i, in Japan which has been used to cure coughs, colds and chronic rhinitis. The chemical constituents of the bark, leaves, and flower buds of M. denudata have been investigated, and it has been established that M. denudata contains many terpenoids, lignans, and neolignans. [1] [2] [3] [4] However, the chemical constituents of the fruits of this plant and their biological activities have not been studied in detail.
We report in this paper the isolation of four neolignans and one lignan from the young fruits of M. denudata and the effects of these compounds on the NO production by J774.1 cells activated with LPS plus INF-.
Dried young fruits of M. denudata were successively extracted with n-hexane, chloroform, and methanol, and each solution was concentrated in vacuo to respectively afford n-hexane, chloroform and methanol extracts. Chromatography of a part of the chloroform extract of the fruits of M. denudata over silica gel, using various mixtures of chloroform/methanol as the solvent, and subsequent preparative TLC (p-TLC) developed with n-hexane/ethyl acetate afforded four neolignans, denudatin A (1) and B (2), 1) denudadione B (3) 2) and fargesone A (4) 5) and the lignan, machilin G (5) 6) ( Fig. 1 ). Compounds 1, 2 and 3 were identified by comparing their 1 H-and 13 C-NMR data with those reported in the literature as isolated from leaves 1) and twigs 2) of M. denudata, and this is the first report of the isolation of compounds 1, 2 and 3 from the fruits of M. denudata.
Compound 4 was identified by comparing its 1 H-and 13 C-NMR data with those reported in the literature as isolated from the flower buds of Magnolia fargesii by Chen et al. 5) Fargesone B, a stereoisomer of 4 at the 1 0 position, was recently isolated from the flower buds of M. denudata by Li et al. 3) However, 4 has not been isolated from M. denudata. Compound 5 was identified by comparing its 1 H-and 13 C-NMR data and the value of optical rotation with those reported in the literature as isolated from the bark of Machilus thunbergii by Shimomura et al. 6) Fifteen kinds of lignans and neolignans, including machilin G (5) have been isolated as inhibitors of cholesterol acyltransferase from Schisandra chinensis, M. thunbergii, and M. denudata by Kwon et al. 7) However, they did not clarify the source plant for compound 5 in their paper. This is therefore the first report of a definitive isolation of machilin G (5) from Magnolia plants.
The effects of compounds 1, 2, 3, 4 and 5 on NO production in an LPS plus INF-activated-murine macrophage cell line, J774.1, were assayed, and the y To whom correspondence should be addressed. Tel: +81-17-738-2001; Fax: +81-17-738-0143; E-mail: noshita@aomori-u.ac.jp Abbreviations: NO, nitric oxide; iNOS, inducible nitric oxide synthase; LPS, lipopolysaccharide; IFN-, interferon-result is shown in Table 1 . The compounds tested inhibited NO production by J774.1 cells in a dosedependent manner, and showed little cytotoxic activity (0 to 5%) in the range of tested concentrations (5 to 40 mM). Thus, the inhibition appears not to have depended on their cytotoxic activity. Machilin G (5) was the most potent, and was followed by denudatin A (1), B (2), denudadione B (3), and fargesone A (4) in descending order.
As shown in Fig. 2 , compounds 1, 2, and 5 inhibited iNOS gene expression at 40 mM, and machilin G (5) was potent as well. This figure also shows that the positive control, genistein, inhibited the gene expression, but that aminoguanidine, which is a competitive inhibitor of inducible NO synthase, did not inhibit it.
These results apparently show that the inhibition of NO production by denudatin A (1), B (2) and machilin G (5) depend on, in part but not completely, inhibiting the synthesis of iNOS mRNA.
In conclusion, these results demonstrate that compounds 1-5 possessed activity to inhibit the NO production by macrophages. Experimental Apparatus and materials. Optical rotation values were recorded by a Jasco DIP-370 digital polarimeteer. MS data were measured with a Jeol JMS-LCmate spectrometer in the ESI mode.
1 H-and 13 C-NMR spectra were obtained with Jeol JNM AL-300 FT-NMR spectrometer. Wakogel C-200 (Wako Pure Chemical Ind., Tokyo, Japan) was used for column chromatography. DCFertigplatten Kieselgel 60 F 254 (0.25 mm thick, Merck, Germany) was used for preparative TLC. DC-Alufolien Kieselgel 60 F 254 (0.2 mm thick, Merck) was used for TLC analyses, the spots being detected under UV (254 nm), and by spraying with 20% sulfuric acid and then heating on a hot plate.
Plant material. Young fruits of Magnolia denudata were collected on July 12, 2005 in the campus of Aomori University (Aomori, Japan) and dried at room temperature, prior to their extraction for 1 week. The plant was identified by one of us (T.N.), and a voucher specimen has been deposited in the herbarium of the Department of Clinical Pharmacy at Aomori University.
Extraction. Dried young fruits of M. denudata (4.6 kg) were extracted three times (each for 48 h) with n-hexane, chloroform, and methanol at r.t. After filtration, the solvent was evaporated under reduced pressure to respectively afford n-hexane (4.98 g), chloroform (27.85 g), and methanol extracts (154.22 g).
Isolation of denudatin A (1). Part of the chloroform extract (16.0 g) of M. denudata fruits was chromatographed over silica gel and successively eluted with chloroform (500 ml), chloroform/methanol (70:1, 500 ml), chloroform/methanol (50:1, 500 ml), chloroform/ methanol (30:1, 500 ml), chloroform/methanol (10:1, 500 ml), and methanol (1000 ml) to respectively give J774.1 cells were stimulated with IFN-(100 U/ml) plus LPS (500 ng/ml) for 24 h at 37 C. An aliquot of each agent solution was added to each well just after the addition of IFN-plus LPS. The amount of nitrite (a product of NO) in the fluid was determined as described in the Experimental section.
(79 mg) was purified by p-TLC, using n-hexane/ethyl acetate (5:1) as the solvent, to give denudatin A (1, 12 mg, 0.13%). The spectra of mass, 1 H-and 13 C-NMR of the purified compound corresponded exactly to those reported for denudatin A (1).
1) ½ D +113 (c 0.50, methanol); lit., +122.3 (c 2.46, methanol).
1)
Isolation of denudatin B (2). Fr. III (3.83 g) was chromatographed over silica gel and eluted with n-hexane/ethyl acetate Fr. II-2 was purified as mentioned above, and by p-TLC, using n-hexane/ethyl acetate (4:1) as the solvent, to give denudadione B (3, 21 mg, 0.002%). The spectra of mass, 1 H-and 13 C-NMR of the purified compound corresponded exactly to those reported for denudadione B (3).
2) ½ D À176 (c 1.0, chloroform). Isolation of fargesone A (4). Part of Fr. III-3 (85 mg) was purified by p-TLC, using n-hexane/ethyl acetate (2:1) as the solvent, to give fargesone A (4, 40 mg, 0.0002%). The spectra of mass, 1 H-and 13 C-NMR of the purified compound corresponded exactly to those reported for fargesone A (4). 5) ½ D À124 (c 0.46, methanol); lit., À150:0 (c 1.1, methanol).
5)
Isolation of machilin G (5). Part of Fr. II (1.592 g) was chromatographed over silica gel and eluted with n-hexane/ethyl acetate (5:1) to give Fr. II-1 (0.21 g), Fr. II-2 (0.71 g), Fr. II-3 (0.20 g), Fr. II-4 (0.10 g) and Fr. II-5 (0.20 g) by monitoring with TLC. Fr. II-2 was purified as already mentioned, and by p-TLC, using n-hexane/ethyl acetate (2:1) as the solvent, to give machilin G (5, 8 mg, 0.0006%). The spectra of mass, 1 H-and 13 C-NMR of the purified compound corresponded exactly to those reported for machilin G (5). 6) ½ D +4.0 (c 0.4, chloroform); lit., +3.9 (c 0.3, chloroform).
6)
Cell lines and culture conditions. J774.1 tumor cells were maintained in a humidified 5% CO 2 atmosphere at 37 C and passaged every 4 d. The culture medium was RPMI-1640 containing 5% FBS and gentamicin sulfate (10 mg/ml).
Determination of NO 2 levels. NO production by J774.1 cells, as measured by the NO 2 concentration, was determined by the Griess reagent as previously described. 8) In brief, J774.1 cells [5 Â 10 5 cells in 0.2 ml in each well of a 96-well flat-bottomed microplate (Greiner)] were cultured with or without an agent. After 20-24 h, 0.1 ml of the culture fluid from each well was withdrawn and mixed with 0.1 ml of the Griess reagent. Each mixture was incubated for 10 min at room temperature, and the absorbance at 540 nm minus 655 nm of each well was measured with a Bio-RAD model 550. NO 2 concentration was measured by using sodium nitrite as a standard. The viability of J774.1 cells treated as described with the various agents was determined by the reduction of MTT, as described previously.
8)
Reverse transcription of RNA followed by the polymerase chain reaction (RT-PCR). Total RNA was extracted from the cells with ISOGEN (Nippon Gene 311-02501) and chloroform. One mg of the extracted RNA was reverse-transcribed to cDNA by using an RNA PCR kit (Takara Biochemicals R019A) according to the manufacturer's instructions.
Aliquots of the cDNA samples were subjected to PCR by using AmpliTaq Gold with the Gene Amp 10Â PCR Gold buffer (Applied Biosystems Japan 4311806) containing a 10 mM Tris-HCl buffer (pH 8.3), 50 mM KCl, 2.5 mM MgCl 2 , 0.2 mM of each primer (sense and antisense), 0.2 mM of each dNTP, and 25 units ml À1 of Taq polymerase. The mouse -actin gene was used as an internal control with upstream (sense) and downstream (antisense) primers of 5 0 -GTGGGCCGCTCTAGGCAC-CAA-3 0 and 5 0 -CTCTTTGATGTCACGCACGATTTC-3 0 , corresponding to nucleotide positions 25-45 and 531-564, respectively.
9) The expected PCR product was 540 bp. For iNOS, the upstream (sense) and downstream (antisense) primers were 5 0 -TGCAAGCTGATGGT-CAAGAT-3 and 5 0 -ATTCTGCATGTGCTTCATGA-3, corresponding to nucleotide positions 979-998 and 1381-1400, respectively.
10) The expected PCR product was 422 bp. PCR was begun at 95 C for 10 min and continued with 30 (for iNOS) or 25 (for -actin) cycles of 94 C for 45 s, 60 C for 45 s and 72 C for 45 s. The reaction was terminated by heating to 70 C for 10 min and chilling on ice. The PCR products were electrophoresed in 1.5% SeaKem R GTG R agarose gel (Takara Biochemicals F0071), and visualized with ethidium bromide staining. J774.1 cells were stimulated with IFN-(100 U/ml) plus LPS (500 ng/ml) for 8 h at 37
C. An aliquots of each agent solution (40 mM, except for aminoguanidine (1 mM)) was added to each well just after the addition of IFN-plus LPS. iNOS gene expression was detected as described in the Experimental section. Den. A, denudatin A (1); Den. B, denudatin B (2); Mac. G, machilin G (5); Gen., genistein; AG, aminoguanidine.
